Study on π-Congjugated Organic Conducting Polymer with Order Structure and Uniform Morphology by 左阳
 
 
学校编码：10384                              分类号      密级       
学号：20520091151435                                      UDC       
 
 
硕  士  学  位  论  文 
具有有序结构和均一形貌的 π 共轭 
有机导电聚合物的研究 
Study on π-Congjugated Organic Conducting Polymer with 
Order Structure and Uniform Morphology 
左阳 
指导老师姓名： 田中群 教授  
时  康 教授 
专 业 名 称 ： 应 用 化 学 
论文提交日期： 2012 年 5 月 
论文答辩日期： 2012 年 6 月 
  
                        答辩委员会主席：                   
                   评    阅   人：           
















Study on π-Congjugated Organic Conducting Polymer with 
Order Structure and Uniform Morphology 
 
A Thesis Submitted for the Degree of Master of Engineering  
By 




Prof. Zhong-qun Tian 
Prof. Kang Shi 
 
 






















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的




声明人（签名）：             























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于  年  月  日解密，解密后适用上述授权。 






声明人（签名）：         
















摘 要 ........................................................................................................... I 
Abstract ................................................................................................... III 
第一章 绪论 .............................................................................................. 1 
§1.1 前言 ................................................................................................................... 1 
§1.2 有机导电聚合物 ............................................................................................... 2 
§1.2.1 有机导电聚合物概况 ................................................................................. 2 
§1.2.2 π 共轭有机导电聚合物的掺杂和导电特性 ............................................... 2 
§1.2.3 π 共轭有机导电聚合物的制备 ................................................................... 4 
§1.2.3.1 化学氧化聚合法 ............................................................................... 5 
§1.2.3.2 电化学氧化聚合法 ........................................................................... 5 
§1.2.4 π 共轭有机导电聚合物的应用 ................................................................... 6 
§1.2.4.1 生物医学工程领域 ........................................................................... 6 
§1.2.4.2 电致变色材料 ................................................................................... 7 
§1.2.4.3 发光二极管 ....................................................................................... 8 
§1.2.4.4 二次电池材料 .................................................................................... 9 
§1.2.4.5 其它用途 .......................................................................................... 10 
§1.3 多孔有机骨架材料 ......................................................................................... 11 
§1.3.1 多孔材料概述 ........................................................................................... 11 
§1.3.2 MOFs ......................................................................................................... 12 
§1.3.3 COFs .......................................................................................................... 14 
§1.3.4 PAFs ........................................................................................................... 15 
§1.3.5 其它多孔有机骨架材料 ........................................................................... 16 
§1.4 本论文的研究目的和设想 ............................................................................. 18 
参 考 文 献 ............................................................................................................ 19 
第二章 实验 ............................................................................................ 28 















§2.1.1 实验药品 ................................................................................................... 28 
§2.1.2 气体 ........................................................................................................... 29 
§2.1.3 溶液配制 ................................................................................................... 29 
§2.2 仪器 ................................................................................................................. 29 
§2.2.1 常规器具 ................................................................................................... 29 
§2.2.2 电化学装置 ............................................................................................... 29 
§2.2.3 其它装置 ................................................................................................... 30 
§2.3 电化学方法和原理 .......................................................................................... 31 
§2.3.1 循环伏安法 ............................................................................................... 31 
§2.3.2 电化学阻抗谱法 ....................................................................................... 32 
§2.3.3 原子力显微镜 ........................................................................................... 33 
§2.3.4 扫描电子显微镜 ....................................................................................... 34 
参 考 文 献 ............................................................................................................ 36 
第三章 电化学活性多孔有机骨架化合物 ............................................ 37 
§3.1 前言 ................................................................................................................. 37 
§3.2 实验部分 ......................................................................................................... 38 
§3.2.1 JUC-Z2 的合成 .......................................................................................... 38 
§3.2.2 FTIR 对反应过程的监测 .......................................................................... 39 
§3.2.3 元素分析 ................................................................................................... 39 
§3.2.4 固体核磁 ................................................................................................... 39 
§3.2.5 紫外可见吸收光谱 ................................................................................... 40 
§3.2.6 热稳定性 ................................................................................................... 41 
§3.2.7 多孔结构 ................................................................................................... 42 
§3.2.8 电化学性质 ............................................................................................... 42 
§3.3 结果与讨论 ..................................................................................................... 43 
§3.3.1 JUC-Z2 的表面形貌 .................................................................................. 43 
§3.3.2 JUC-Z2 的聚集态结构 .............................................................................. 45 
§3.3.3 JUC-Z2 的多孔结构 .................................................................................. 46 
§3.3.4 JUC-Z2 的导电性 ...................................................................................... 47 
§3.3.5 JUC-Z2 的电化学特性 .............................................................................. 48 















§3.3.5.2 电化学阻抗谱 ................................................................................. 49 
§3.3.5.3 对不同尺寸离子的识别作用 ......................................................... 51 
本章小结 .................................................................................................................. 53 
参 考 文 献 ............................................................................................................ 54 
第四章 均一形貌的导电聚合物的电化学制备 .................................... 57 
§4.1 前言 ................................................................................................................. 57 
§4.2 实验部分 ......................................................................................................... 58 
§4.3 结果与讨论 ..................................................................................................... 58 
§4.3.1 循环伏安法 ............................................................................................... 58 
§4.3.2 恒电位法 ................................................................................................... 61 
§4.3.3 恒电流法 ................................................................................................... 62 
§4.3.4 分步恒电流法 ........................................................................................... 63 
§4.3.4.1 有序片状聚苯胺的制备 .................................................................. 63 
§4.3.4.2 基底对二次制备的影响 .................................................................. 66 
§4.3.4.3 单体浓度的影响 .............................................................................. 67 
本章小结 .................................................................................................................. 70 
参 考 文 献 ............................................................................................................ 71 
在学期间发表论文 .................................................................................. 75 
















Table of Contents 
 
Table of Contents 
Abstract in Chinese ................................................................................... I 
Abstract in English ................................................................................ III 
Chapter 1 Introduction ............................................................................. 1 
§1.1 Preface ............................................................................................................... 1 
§1.2 Organic Conducting Polymers ........................................................................ 2 
§1.2.1 Introduction to organic conducting polymers .............................................. 2 
§1.2.2 Doping effect and electrical properties of π-conjugated type of organic 
conducting polymers ............................................................................................... 2 
§1.2.3 Preparation of π-conjugated type of organic conducting polymers ............. 4 
§1.2.3.1 Chemical oxidation polymerization ................................................... 5 
§1.2.3.2 Electrochemical oxidation polymerization ........................................ 5 
§1.2.4 Applications of π-conjugated type of organic conducting polymers ........... 6 
§1.2.4.1 Biological and medical engineering ................................................... 6 
§1.2.4.2 Electrochromic material ..................................................................... 7 
§1.2.4.3 Light Emitting Diode ......................................................................... 8 
§1.2.4.4 Second battery .................................................................................... 9 
§1.2.4.5 Other applications ............................................................................ 10 
§1.3 Porous Organic Frameworks ........................................................................ 11 
§1.3.1 Introduction to porous materials ................................................................ 11 
§1.3.2 MOFs ......................................................................................................... 12 
§1.3.3 COFs .......................................................................................................... 14 
§1.3.4 PAFs ........................................................................................................... 15 
§1.3.5 Other porous organic frameworks .............................................................. 16 
§1.4 Objective of the Present Dissertation ........................................................... 18 
Reference ................................................................................................................. 19 













Table of Contents 
 
§2.1 Reagents .......................................................................................................... 28 
§2.1.1 Medicines ................................................................................................... 29 
§2.1.2 Gases .......................................................................................................... 29 
§2.1.3 Preparation of solutions ............................................................................. 29 
§2.2 Instruments ..................................................................................................... 29 
§2.2.1 Conventional apparatus .............................................................................. 29 
§2.2.2 Electrochemical instruments ...................................................................... 29 
§2.2.3 Other instruments ....................................................................................... 30 
§2.3 Electrocheimal methods and principles ........................................................ 31 
§2.3.1 Cyclic Voltammetry method ...................................................................... 31 
§2.3.2 Electrochemical Impedance Spectroscope ................................................. 32 
§2.3.3 Atom Force Microscope ............................................................................. 33 
§2.3.4 Scanning Electron Microscope .................................................................. 34 
Reference ................................................................................................................. 36 
Chapter 3 Electroactive Porous Organic Framework ......................... 37 
§3.1 Preface ............................................................................................................. 37 
§3.2 Experimental ................................................................................................... 38 
§3.2.1 Synthesis of JUC-Z2 .................................................................................. 38 
§3.2.2 Reaction monitoring by FTIR .................................................................... 39 
§3.2.3 Elemental analysis ..................................................................................... 39 
§3.2.4 Solid nuclear magnetic resonance .............................................................. 39 
§3.2.5 UV-Vis spectrum ........................................................................................ 40 
§3.2.6 Physicochemical Stability .......................................................................... 41 
§3.2.7 Pore structure ............................................................................................. 42 
§3.2.8 Electrochemical properties ......................................................................... 42 
§3.3 Results and Discussion ................................................................................... 43 
§3.3.1 Morphology of JUC-Z2  ........................................................................... 43 
§3.3.2 Aggregation structure of JUC-Z2 ............................................................... 45 
§3.3.3 Pore structure of JUC-Z2 ........................................................................... 46 
§3.3.4 Electrical properties of JUC-Z2 ................................................................. 47 













Table of Contents 
 
§3.3.5.1 Redox behaviors ............................................................................... 48 
§3.3.5.2 Electrochemical Impedance Spectroscope ....................................... 49 
§3.3.5.3 Recognition towards ions with different size ................................... 51 
Summary ................................................................................................................. 53 
Reference ................................................................................................................. 54 
Chapter 4 Electrochemical Polymerization of Conducting Polymers 
with Uniform morphology ...................................................................... 57 
§4.1 Preface ............................................................................................................. 57 
§4.2 Experimental ................................................................................................... 58 
§4.3 Results and dicussion ..................................................................................... 58 
§4.3.1 Cyclic voltammetry method ....................................................................... 58 
§4.3.2 Potentiostatic method ................................................................................. 61 
§4.3.3 Galvanostatic method ................................................................................. 62 
§4.3.4 Step-wise galvanostatic method ................................................................. 63 
§4.3.4.1 Preparation of ordered PANI nanosheets ......................................... 63 
§4.3.4.2 Influences of substrates for second polymerization ......................... 66 
§4.3.4.3 Influences of monomer concentration ............................................. 67 
Summary ................................................................................................................. 70 
Reference ................................................................................................................. 71 
Publications during M.S. study ............................................................. 75 





























探索其尚未被发掘的功能特性。主要研究内容简介如下：   
（1）第三章描述了一种设计及合成电化学活性有机多孔分子筛的新策略，




机骨架化合物(JUC-Z2)。JUC-Z2 具有均一的微孔结构（1.2 nm）、高比表面积（B 
E T = 2081 m
2 
g
-1）以及良好的热稳定性（> 440 oC）。掺杂 I2 后的 JUC-Z2 表现出
典型的 p-型半导体性质。JUC-Z2 作为首例电化学活性有机多孔分子筛具有新奇



















液，聚合出均一的聚苯胺纳米片（约长 4 μm，高 2 μm，厚 30 nm）或聚苯胺纳
米线（约长 200 nm），而循环伏安法、恒电位法和恒电流法均不能得到有序结构；
此外，当 NPD 单体浓度低至 1 mM 或 5 mM 时，分步恒电流法能够分别制备出
均一的聚苯胺纳米粒子（粒径约 30 nm）或超长的聚苯胺纳米线（> 5μm）；相比
而言，对低浓度的 ANI 单体（< 5 mM），同样的分步恒电流法只能聚合出聚苯胺
纳米粒子。这说明从二聚物单体制备聚合物，具有更高的形貌可控性。  
 

















Due to its unique optical, electrical and chemical properties, π-conjugated type of 
organic conducting polymer has been widely used in energy storage/translation, 
electronic devices and chemical sensors, etc. In the past two decades, however, the 
research progress of conducting polymer, especially for the functional expanding and 
the structural investigating, was chronically blocked by the complex and/or the 
variable structures of those available conducting polymers. After systematically 
reviewed previous studies, we think that the polymerization technology and the 
starting monomer should be two key issues to cause the barrier. Firstly, chemical or 
electrochemical oxidation is still the most frequently used synthesis method due to 
experimental convenience; however, the reactive nature of the oxidation reaction 
would cause a complicated polymerization process, so that the synthesis might deviate 
from the targeted route and result in uncertain structures. Secondly, it generally 
accepted that the polymer depositing is due to the coupling of soluble oligomers 
formed from the monomer oxidation at the electrode. The employing of small 
molecules as the staring monomer would result in the variable oligomers and increase 
the polymerization complexity. 
The aim of this thesis is to overcome the obstacle aforementioned. By developing 
new polymerization method and selecting suitable molecule as the starting monomer, 
the conducting polymers with a well-defined structure and/or a controllable 
morphology were synthesized, while their undiscovered functionality and 
structure-character relationship were explored. The main results of this thesis are 
outlined as follows: 
(1) A new strategy for design and synthesis of an electroactive organic 
framework (JUC-Z2) via Yamamoto type Ullmann cross-coupling reaction of 
para-tri-bromotribenzylanilie monomer is described in chapter 3. Experimental results 















coupling was a controllable process and predominately generated two-dimensional 
π-conjugated polymer, significantly different from the traditional chemical or 
electrochemical oxidation methods to prepare conducting polymers. Successive 
self-assembly would lead to a lamellar organic framework comprised of stacked 
polymer sheets with an hcb topology. JUC-Z2 was found to have a well-defined 





and high physicochemical stability ( >440 
o
C). After doping with I2, JUC-Z2 exhibits 
typical p-type semiconductive properties. As the first example of an electroactive 
organic framework, JUC-Z2 possesses a unique ability of electrochemical ion 
recognition, arising from the synergistic function of the uniform micropores and the 
N-atom redox site. 
(2) Study on the morphologic controllability of the conducting polymers 
synthesized by electrochemistry is described in chapter 4. To comparison, aniline 
(ANI) and its dimer (N-phenyl-p-phenylenediamine, NPD) were employed as the 
starting monomers, respectively. Experimental results demonstrated that the 
morphologies of the conducting polymers were mainly dependent on the 
electrochemical polymerization procedure, the monomer structure and concentration. 
From the aqueous-acetonitrile solution containing NPD or ANI monomer and 1 M 
HClO4, step-wise galvanostatic method can produce the ordered PANI nanosheets 
(length: 4 µm, height: 2 µm, thickness: 30 nm ) or PANI nanowires (length: 200 nm), 
but potentiodynamic, potentiostatic and galvanostatic ones cannot. Moreover, the 
step-wise galvanostatic means can fabricate homogenous PANI nanoparticles 
(diameter: 30 nm) or ultralong nanowires (length: >5 µm) from 1 or 5 mM NPD 
solution, respectively. As contrast, the low concentration of ANI always leads to PANI 
nanoparticles. It reveals that the conducting polymer synthesized by using the NPD 
has higher morphology controllability than that by using ANI.   
 
Key words: π-conjugated type of organic conducting polymer; porous organic 






































































Scheme 1.1 Typical Conducting Polymers 
名称  结构式  发现时间  
聚乙炔 Polyacetylene  
n  
1977  




聚对苯 Polyacetylene  
n  
1979  









§1.2.2 π 共轭有机导电聚合物的掺杂和导电特性 
π 共轭有机导电聚合物都具有单双键交替的共同结构特征，有机聚合物分子
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